Purpose: We aimed to assess the incidence of methicillin-resistant Staphylococcus aureus (MRSA) colonization and infection in a neonatal intensive care unit (NICU) by using various decolonization methods and to evaluate their efficacy. Methods: Medical records of all neonates who were admitted to the NICU of Seoul National University Children's Hospital were retrospectively reviewed. Surveillance culture were obtained for all neonates in the NICU 48 hours after admission. Three periods with different decolonization methods were compared; Period 1 was without any decolonization measures
INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) has become increasingly prevalent in most parts of the world, and is a major pathogen of bacteremia in neonatal intensive care units (NICUs) [1] [2] [3] .
The National Nosocomial Infections Surveillance System observed more than a 300% increase in the incidence of lateonset MRSA infections in NICUs between 1995 and 2004 4) . In a recent meta-analysis, the prevalence of MRSA colonization upon admission was 1.5% (95% confidence interval [CI] 0.9-2.2) among NICU patients 5) . Several factors contribute to NICU patients being at a particularly high risk of being colo nized and infected with MRSA, including an immature immu ne system, exposure to numerous invasive procedures 6) , prolonged hospitalization 7) , and, especially, a high frequency of contact with health care providers 8, 9) . It has been reported that MRSA colonization or infection is associated with mortality in the NICU 10) . Because MRSA colonization itself has a relative risk of 24.2 (95% CI 8.9-66.0) to develop a MRSA infection, prevention of MRSA transmission in the NICU is important 5, 11) . Therefore, individual NICUs have adopted various combinations of surveillance, special precautions and decolonization strategies to minimize MRSA in fections 7, [12] [13] [14] . For decolonization, the application of topical in tranasal mupirocin with/without chlorhexidine showers has been assessed most extensively. In a recent report by Huang et al., 4.2% of hospitalized infants had MRSA colonization, where mupirocin treatment was effective in decolonizing MRSA carriage and reducing subsequent MRSA infection 15) .
Although numerous methods regarding attempts to eradi cate MRSA outbreaks in NICUs have been published, a con sensus for guidelines is still lacking. Gerber et al. 16 ) published a consensus statement in 2006 along with guidelines for the prevention and control of MRSA colonization and infection. Additionally, mupirocin was recommended for the decolonization of infants or healthcare workers if deemed necessary by the institution.
Therefore, in this study, by using chlorhexidine gluconate bathing alone or in combination with intranasal mupirocin, we aimed to compare the incidence of MRSA colonization and in fection and evaluate the efficacy of these decolonization methods. admissions per year were infants with a very low birth weight (<1,500 g).
MATERIALS AND METHODS

Study Poplation
Definitions
Colonization was defined as the isolation of MRSA from the anterior nares, rectum, and axillary without evidence of infection, whereas infection was defined as the isolation of MRSA from normally sterile sites including blood, urine, and cerebrospinal fluid, or from non-sterile sites (e.g., skin, eye, or umbilical stump), with the presence of clinical signs of infection using the National Healthcare Safety Network criteria for nosocomial infection as a guide 17) . However, in this study, we used the term 'infection' to denote a blood stream infection.
An incidence case was defined as a surveillance culture or clinical culture positive for MRSA from a sample obtained more than 48 hours after admission with no previous history of MRSA colonization or infection. 
Infection Control and Prevention Program
Study Design and Data Collection
After approval from the institutional review board of the hospital, we retrospectively reviewed medical records for any Other known related factors for MRSA prevention or infection such as probiotics 18) and H2-blocker use 19) , were not studied because we did not routinely use them in the NICU. Breastfeeding 20) was also excluded because we did not exclu sively feed breast milk to the neonates in the NICU.
The incidence of MRSA colonization or infection per 1,000 patient-days was calculated for each period, and the results were compared.
Statistical Analysis
Statistical analysis was performed using the SAS system, Table 1 ).
The clinical characteristics of MRSA-colonized and MRSAinfected infants are shown in Table 2 . There were no significant differences among the groups in regards to the clinical status at the time of the first positive MRSA culture, such as the age at colonization or infection, status of parenteral feeding, mechanical ventilation, and central venous catheter use. The days from admission to colonization or infection were not significantly different among the study periods.
The incidence of MRSA colonization per 1,000 patient-days was 6.27 for period 1, 7.02 for period 2, 6.29 for period 3, and there were no significant differences among the time periods (Table 3 ). The incidence of MRSA infection was highest in period 3, with 0.69 cases per 1,000 patient-days; however, this finding
The overall incidence of MRSA colonization and MRSA infection was 17% (241 MRSA colonization cases/1,423 total cases) and 1.5% (22 MRSA infection cases/1,423 total cases), respectively.
was not significantly different from the other time periods (Table   3 ). The infection/colonization ratio for each period did not significantly differ among the periods. Among the 152 inborn MRSA colo nized infants, 11.84% (n=18) developed a MRSA infection. This statistic is comparable to that of outborn infants, which was 4.5% (n=4) among 89 MRSA-colonized infants. 
DISCUSSION
The first neonatal case of MRSA infection occurring in the NICU was published in 1981 21) . Since then, MRSA has become a frequent source of infections affecting premature and critically ill neonates in NICUs 4, 22, 23) . Approximately 0.6-8.4% of NICU patients were reported to be colonized or infected with MRSA during the study periods 11, 14, 22) . From a study previously published at the SNUCH, S. aureus was proven to be the most common causative organism of culture-proven sepsis for inborn neonates admitted to the NICU between 1996 and 2013 24) .
Among the 62 S. aureus infected patients, 59 patients (95.2%)
were MRSA infection based on their antibiotic sensitivity test, which implies that MRSA is the major risk factor for neonatal sepsis in our NICU. In this study, 17% were found to be MRSAcolonized patients in their first surveillance 48 hours after admission, and 7.5% of MRSA-colonized neonates developed a MRSA infection, which is also comparable to previous results in which the infection rate ranges from 1.8-26% 11, 15, 22) .
Previous studies have described the various risk factors that predispose infants to MRSA colonization and infection. Khoury et al. 25) described that low birth weight and young gestational age were significant risk factors for MRSA colonization and infection.
Procedures and devices such as endotracheal intubation and mechanical ventilation 6, 16, 24, 26) , percutaneous central venous catheterization 16) , and parenteral feedings 16) are also known to be risk factors for MRSA infection. In a recent study, outborn infants were also described as a risk factor for MRSA colonization 5) .
However, inborn infants were dominant for both MRSA colonization and infection in this study.
Because we aimed to evaluate the effectiveness of each decolonization method as an infection prevention measure, we compared the incidence of MRSA colonization, MRSA in fection, and the probability of developing a MRSA infection. However, there were no significant differences among the 3 periods. . They also warned of adverse effects and resistance from using antimicrobial agents 27) . Another study from 2009 also showed that mupirocin did not help to control MRSA outbreaks, where hand hygiene and appropriate cohort isolation played an important role in decolonizing MRSA 28) . In other studies, however, whole-body washing with a 4% chlorhexidine solution was effective in reducing skin colonization of MRSA 29) .
Additionally, mupirocin topical therapy was shown to prevent MRSA infection 15) ; however, there is a concern regarding the development of resistance; the resistance rate is reported to be approximately 1% during treatment 30) . Therefore, the appropriate measurement for MRSA eradication is still uncertain 31) . For MRSA infection, vancomycin has been the antibiotic of choice 26) .
After a blood culture sample tested positive, vancomycin was our first choice, which was initiated from the first culture-positive day for 10-21 days.
This study had multiple limitations. First, this study was retrospective and was performed at a single-center NICU; therefore, the results might not be generalizable to all other NICUs. Second, we did not show the data for the decolonization rate of the MRSA-colonized population because of recurrent recolonization. Popoola et al. 32) reported that 50% of neonates staying in the NICU for 21 days or more became recolonized with MRSA. Third, we did not perform the molecular analysis on the MRSA isolates. Molecular analyses have been conducted in many previous studies 6, 28, 33) , and they have helped to elucidate trends in the appearance of new strains and in changing antibiotic susceptibility patterns.
Because there are no standardized guidelines for the control of MRSA colonization and infection in NICUs, we need multivariable approaches that include identifying colonized neonates and placing them on proper contact precautions, cohorting, encouraging proper hand hygiene of healthcare workers, environmental cleaning and the decolonization of colonized neonates [34] [35] [36] .
In conclusion, we recommend continuous surveillance to detect MRSA colonization so that appropriate patients can be placed into contact and cohort isolation. Further studies should evaluate and compare strategies to prevent MRSA infection in the NICU to determine optimal decolonization regimens and methods to interrupt reservoirs of transmission.
